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Take Home Points:
· 22q11.2 deletion is the most common microdeletion syndrome and frequently encountered in patients with congenital heart disease – particularly conotruncal anomalies.
· Little is known about the longer-term survival of adult patients with 22q11.2 deletion syndrome.
· This was a retrospective review of 309 adults with 22q11.2 deletion syndrome and their 1014 unaffected parents/siblings.
· 22q11.2 deletion syndrome is associated with almost 9x independent risk of mortality compared to siblings without 22q11.2. (HR 8.86, 95% CI 2.87-27.37).
· Of the patients with 22q11.2 deletion there were 31 deaths at a median age of 46 years (range 18 -69 years).
· As one would expect, patients with ‘major ‘congenital heart disease had shorter survival than patients with non-major congenital heart disease. 
· Probability of survival of patients with 22q11.2 and major congenital heart disease to live to age 40 and 50 years was approximately 82% and 63% vs 98% and 85% in patients without major congenital heart disease.
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Commentary from Dr. Damien Cullington (Liverpool, UK), section editor of ACHD Journal Watch:   22q11.2 deletion syndrome is thought to be inherited in 1 in 3000-4000 live births. Penetrance is very high but with wide phenotypic variability. There has been little investigation of the importance of 22q11.2 deletion in adults and this retrospective analysis sought to address what implications 22q11.2 has on survival in affected subjects compared to their siblings/parents. 

Patient demographics and outcomes
Patients were identified from a specialty clinic for adults with 22q11.2, via referrals or screening of patients with congenital heart disease (CHD). Over four fifths of patients were Caucasian (n=260) and 52% (n=161) were women. 469 siblings and 545 parents without 22q11.2 were enrolled as comparators. ‘Major’ congenital heart disease (n=112) was defined as persons with at least moderate complexity CHD, most of whom had tetralogy of Fallot (n=80). 309 subjects >17 years old with 22q11.2 deletion agreed to participate – of these, just over a third (n=112) had ‘major’ CHD.

The primary outcome measure was all cause mortality. Medical records and postmortem studies were reviewed to establish cause of death. Follow up was for a relatively modest median period of 5.3 years (range 0.1-21.5 years). During follow up, 31 subjects with 22q11.2 deletion died at a median age of 46 years old (range 18-69 years) - mostly resulting from cardiac causes (n=22) (Table 1). In comparison, 6 subjects without 22q11.2 deletion died at a median age of 58 years old (range 24-83 years old). 

Controlling for other significant co-variables (such as the presence of major CHD), there was an independent relationship between survival and presence of a 22q11.2 microdeletion (Table 2).  Subjects with 22q11.2 deletion had worse survival if they had ‘major’ CHD versus ‘non-major’ CHD (Figure 1).

Table 1 Cause of death in 31 adults with 22q11.2 deletion syndrome and relationship to CHD complexity [image: ]

Table 2 Cox regression models for mortality risk in 309 adults with 22q11.2 deletion syndrome
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Figure 1
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Conclusions

This analysis is reported to be the largest study of adult patients with 22q11.2 deletion to assess longer term survival compared to siblings and their parents not known to have 22q11.2 deletion. 22q11.2 microdeletion is a significant, independent risk factor for shorter survival. There is interesting, emerging data that rare, biallelic pathogenic variants of the TANGO2 gene within the 22q11.2 region may be associated with a more ‘malignant’ phenotype connected to sudden cardiac death and unexpected death in epilepsy. As one may expect, subjects with a 22q11.2 deletion plus major CHD had worse survival than those with milder forms of CHD. 

Larger cohorts with longer term follow up is required to gather a more complete picture of the significance of 22q11.2 deletion syndrome in relation to survival. Compared to earlier analyses, median age of death in patients with 22q11.2 appears to be increasing which is reassuring.
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Nonetheless, a substantial minority of patients with
22q11.2DS had outlived both of their parents. As for other
genetic conditions,22 congenital cardiac disease was an
additional independent risk factor for all-cause mortality.
These results collectively are likely to be important for genetic
counseling and have implications for patients, and their
families and caregivers.



Clinical features and their effect on mortality
On average, adults with 22q11.2DS in the cohort studied
had a median age at death about 35 years younger than a
respective Canadian norm of 81.7 years.21 Those with major
CHD died on average about 44 years younger.21 Nonetheless,



the overall median age at death was approximately 5 years
older than that reported 10 years ago for the initial subsample
of 100 patients.5 Also, the current results suggested a trend
toward increasing survival of adults with 22q11.2DS in a
more recently ascertained subgroup. As for other genetic
conditions,22 and as suggested by other studies of younger
cohorts, one may expect further gains in survival in 22q11.2DS
related to advances in technology with regard to cardiac
and other pediatric surgery and to early diagnosis.23–25 As
people with genetic syndromes and intellectual disability
live longer, issues pertaining to multimorbidity arise26 and
the related burden of ongoing care that often falls to
caregivers.27 These issues may be of interest to policy makers
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Fig. 1 Survival curves for adults with 22q11.2 deletion syndrome (22q11.2DS; n= 309) compared with their unaffected siblings (n= 469), as
well as for adults with 22q11.2DS with (n= 112) and without (n= 197) major congenital heart disease (CHD). (a) Survival curve for adults with
22q11.2 deletion syndrome (22q11.2DS; n= 309) compared with their unaffected siblings (n= 469). Kaplan–Meier curves show the significantly lower
survival in adults with 22q11.2DS (solid line) compared with their unaffected siblings (dashed line) (log rank χ2= 59.7, df= 1, p < 0.0001). (b) Survival curve
for adults with 22q11.2 deletion syndrome (22q11.2DS) with (n= 112) and without (n= 197) major congenital heart disease (CHD). Within the 22q11.2DS
cohort, the Kaplan–Meier curves show a significant effect on survival of major CHD (solid line) compared with the simple or no CHD subgroup (dashed line)
(log rank χ2= 19.5, df= 1, p < 0.0001).
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to ensure adequate health-care management for these growing
populations.7,14,17,27



The other 22q11.2DS features investigated did not show
significant independent effects on mortality risk once the
global effects of 22q11.2 deletion and major CHD were
accounted for. This may not be surprising for psychotic
illness, given that a recent Canadian population-based study
reported mean age at death of 76.7 years for individuals with
schizophrenia, approximately 8 years younger than those
without schizophrenia,28 but far older than our cohort with
22q11.2DS. Results for intellectual disability14 had a small
independent effect on mortality though did not reach
statistical significance. This may be related to effect size,
and perhaps the regular follow-up care for our cohort in
contrast to the general population with intellectual disability,
where barriers to accessing health care and preventable causes
contribute to mortality.14,29



Causes of death
The top causes of death in 22q11.2DS were cardiovascular in
nature, accounting for 70.1% of deaths observed to date.
Consistent with our previous report,5 sudden cardiac death
remained the most common cause of mortality. This is far
greater than the estimated general population prevalence of 60
per 100,000 individuals,5,30 even if one considers only the 7
(3.6%) of 197 individuals with no major CHD who died of
this cause. In the absence of major structural cardiac causes,
the etiology of these sudden deaths is unclear, as in the
general population, and may relate to arrhythmia predisposi-
tion.30,31 Interestingly, emerging evidence suggests that rare,
biallelic pathogenic variants of TANGO2, a gene in the
22q11.2 region involved in mitochondrial function, are
associated with arrhythmias, seizures, metabolic disturbances,
and premature death, usually in childhood.12 Studies of this



gene on the intact allele in 22q11.2DS, including reported
recurrent single-nucleotide and structural variants,12 may
shed light on whether TANGO2 is related to vulnerability to
sudden death. Another consideration is the phenomenon of
sudden unexpected death in epilepsy (SUDEP), given the
elevated prevalence of epilepsy in 22q11.2DS (~10%).1,4,32



However, we note that amongst the deceased patients with
22q11.2DS, four had epilepsy and of these only one had a
sudden unexpected death.
As in recent studies of adult outcome in CHD,33 individuals



in our 22q11.2DS cohort are now living long enough to die of
cancer, the leading cause of death in Canada (median age at
diagnosis 66 years).34,35 The three individuals in our study
who died of cancer did so at a younger age than population
expectations for median age of death for those specific cancers
(lung, breast, and cervical).35 These results are consistent with
previous reports of possible predisposition for malignancy in
children with 22q11.2DS.1,36,37 Larger samples will be needed
to determine whether there is an increased vulnerability and
whether this may relate to T-cell deficits, and/or aberrant
immune surveillance, that could predispose to carcinogenic
viruses such as Epstein–Barr virus or human papillomavirus
(HPV).35,36 Nonetheless, the findings collectively signify the
need for vigilance. This includes encouraging active pre-
ventive measures such as the HPV vaccine, routine cancer
screening including Pap smears, and counseling on smoking
cessation for individuals with 22q11.2DS.36 This is similar to
preventive care recommendations for individuals from
disadvantaged populations for whom access to health care
may be a barrier.14,15,29 Similarly, the high risk (about 1 in 4)
of psychotic illness in 22q11.2DS necessitates vigilance to
ensure prompt diagnosis and effective treatment,4,38 with
active monitoring for suicidality and metabolic parameters
that may increase mortality risk.4,28,38–40



Table 3 Cause of death in 31 adults with 22q11.2 deletion syndrome (22q11.2DS) and relationship to congenital heart
disease complexity



Number of deaths



Cause of death Age at death: range in years (median) Total Congenital heart disease (CHD) complexitya



No major CHD Major CHD



None Simple Moderate Complex



Cardiovascular



Sudden cardiac death 22.9–67.0 (47.1) 12 5 2 3 2



Heart failure 19.0–58.9 (36.8) 7 0 0 3 4



Arrhythmia 23.7, 33.2, 54.7 3 0 0 1 2



Cancerb 46.4, 47.5, 63.6 3 2 0 1 0



Other



Stroke 44.6, 68.6 2 1 0 1 0



Pneumonia 52.5, 61.1 2 2 0 0 0



Septic shock 18.1 1 0 1 0 0



Suicide 38.2 1 1 0 0 0



Total, any causec 31 11 3 9 8
aCHD categorized using levels of structural complexity, defined using standard criteria.6
bDeaths from cancers were one each of lung (male, aged 63.6 years), breast (female, aged 47.5 years), and cervical (female, aged 46.4 years).
cOf these 31 deaths, 12 were previously reported: sudden cardiac death (n= 6), heart failure (n= 2), and one each of pneumonia, septic shock, stroke, and suicide5.



VAN et al ARTICLE



GENETICS in MEDICINE | Volume 21 | Number 10 | October 2019 2333











image3.emf



studied5 versus the 209 subjects more recently ascertained did
not materially change the regression results, and there was no
statistically significant difference in the proportion with all-
cause mortality, or in median age at death, between these
subgroups (data not shown).



Survival in 22q11.2DS
Kaplan–Meier curves showed significantly lower survival in
adults with 22q11.2DS compared with their unaffected
siblings (Fig. 1a; log rank χ2= 59.7, df= 1, p < 0.0001).
Results were similar in comparisons with unaffected parents,
for both fathers (log rank χ2= 55.4, df= 1, p < 0.0001) and
mothers (log rank χ2= 68.4, df= 1, p < 0.0001) (Supplemen-
tary Figures 1a and 1b, respectively).
Within the 22q11.2DS cohort, there was a significant effect



of major CHD on survival that was apparent by early
adulthood (Fig. 1b; log rank χ2= 19.5, df= 1, p < 0.0001). The
probability of survival to ages 40 and 50 years was
approximately 82% and 63%, respectively, for those with
major CHD, and 98% and 85%, respectively, for those with no
major CHD (Fig. 1b). Patients with a major CHD died at a
significantly younger median age (37.3, range 19.0–58.9,
years; n= 15 of 112, 13.4%) compared with those with no
major CHD (50.7, range 18.1–68.6, years; n= 16 of 197, 8.1%;
Z= 2.89, p= 0.0039). There was a nonsignificant trend for
longer survival in the more recently ascertained subgroup of
209 individuals compared with those ascertained 10 or more
years ago (log rank χ2= 3.47, df= 1, p= 0.0623) (ref. 5).



Cause of death
Table 3 shows causes of death for the 31 adults with
22q11.2DS who had died and the relationship to complexity
of CHD. The most common causes of death in 22q11.2DS
were cardiovascular in nature (n= 22, 71.0%). Although heart
failure and arrhythmia were only documented for those with



major CHD, sudden cardiac death (n= 12, 38.7%) appeared
prevalent regardless of CHD severity (Table 3). Cancer, not
observed in our original study,5 was tied for the third most
common cause of death. To the best of our knowledge,
patients who died were receiving routine medical care, and
not actively using recreational drugs (excluding cigarettes).
Given that all deaths in our 22q11.2DS cohort occurred



under age 70 years and thus could be considered premature,21



we examined the cause of death in this age range for
unaffected siblings and parents. For the four of five siblings
where we could determine cause of death, two were sudden
cardiac deaths (males, aged 30.8 and 56.8 years), one an
accidental death (male, 23.6 years), and one ovarian cancer
(female, 59.7 years). Of 47 parents who had died prematurely
(28 fathers, 19 mothers; median age at death 56.8, range
17.4–69.7, years; 15 with insufficient data on cause), the most
common known cause was cancer (n= 14, 29.8%). The
second most common causes were cardiovascular (n= 9,
19.1%: myocardial infarction [n= 3], two each of arrhythmia,
sudden cardiac death, and cardiac surgical complications).
The remaining 9 parents died of accidents (n= 3), drug
overdose (n= 2), and one each of suicide, ruptured
gallbladder, complications due to diabetes mellitus, and
bacterial endocarditis. Notably, 16 (30.8%) of these 52
premature deaths involved relatives of the 31 adults with
22q11.2DS who had died.



DISCUSSION
To our knowledge, this is the largest study of all-cause
mortality and survival in adults with 22q11.2DS. Using
siblings and parents as comparison groups, the results showed
that the 22q11.2 deletion was a significant factor in both
mortality risk and reduced survival. The median age at death
observed was 46.4 years, and all deaths occurred before
the age of 70 years in this still relatively young sample.



Table 2 Cox regression models for mortality risk in 309 adults with 22q11.2 deletion syndrome (22q11.2DS)



Variables Mortality risk for 309 adults with 22q11.2DS compared
with their 469 unaffected siblingsa



Mortality risk within the cohort of 309 adults with
22q11.2DSb



Coefficient SE Wald
χ2



p HR 95% CI Coefficient SE Wald
χ2



p HR 95% CI



22q11.2 deletion 2.18 0.58 14.36 0.0002 8.86 2.87–27.37 - - - - - -



Major CHDc 1.62 0.41 15.79 <0.0001 5.03 2.27–11.17 1.56 0.43 13.14 0.0003 4.77 2.05–11.10



Age at laboratory



diagnosisd
- - - - - - -0.07 0.02 8.66 0.0032 0.94 0.90–0.98



Intellectual disabilitye 0.76 0.51 2.20 0.14 2.14 0.78–5.87 0.91 0.52 2.99 0.08 2.48 0.89–6.93



Psychotic illnessf 0.37 0.39 0.90 0.34 1.45 0.68–3.10 0.25 0.37 0.46 0.50 1.29 0.62–2.69



Female sex 0.12 0.35 0.11 0.74 1.12 0.57–2.21 0.28 0.40 0.48 0.49 1.32 0.60–2.92
Significant findings are indicated in bold font.
CHD congenital heart disease, CI confidence interval, HR hazard ratio, SE standard error.
aLikelihood ratio for model: χ2= 71.98, df= 5, p < 0.0001.
bLikelihood ratio for model: χ2= 28.65, df= 5, p < 0.0001.
cModerate or complex congenital heart disease (CHD), defined using standard criteria.6
dAge at molecular cytogenetic diagnosis (e.g., fluorescence in situ hybridization and typical 22q11.2 deletion region probe) or microarray diagnosis of a typical 22q11.2
deletion.8
eModerate to severe intellectual disability, as previously defined.19
fPsychotic illness included schizophrenia, schizoaffective disorder, other nonaffective psychotic disorder, or psychotic mood disorder, as previously defined.19
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